Summary. HeLa S3 cells and primary cultured cells of mouse kidney have been studied using scanning electron microscopy and differential interference microscopy. After photomicrographs were taken with the differential interference microscope, the cells were fixed with either 1% osmium tetroxide or 2.5% glutaraldehyde, and then the same fields as the differential interference photomicrographs were photographed again in the scanning electron microscope. The results of differential interference microscopy revealed that most of the nuclei of HeLa cells and mouse kidney cells appeared thinner than the surrouding cytoplasm. On the other hand, the observations of scanning electron microscopy revealed that nuclei thinner than the surrounding cytoplasm tend to increase in HeLa cells, while the thicker nuclei have a tendency to increase in primary cultured mouse kidney cells. The fixation method did not affect these results.
These results indicate that the observations by differential interference and scanning electron microscopy agreed well in established cell lines, but did not in primary cultured cells.
Transmission electron microscopy of sections revealed that there were both types of nuclei, concave and convex, which supports the results obtained from the scanning electron microscopy. That nuclei appear either concave or convex in the surrounding cytoplasm is not an artifact but considered to be a physiological phenomenon related either to the cell cycle or cell establishment in vitro.
In a previous paper, we showed some mitotic figures of cultivated cells as observed under the scanning electron microscope (NAWA, TERAUCHI and NAGATA, 1972) . On that occasion, the authors observed that some cells contained nuclei which appeared thinner than the surrounding cytoplasm ( Fig. 1) , while some other cells contained nuclei which were conversely prominent in the surrounding cytoplasm (Fig. 2) . We supposed that this phenomenon might possibly be caused either by difference in the water content of the nucleus relative to that of the cell body or by different phases in the cell cycle. On the other hand, it was doubted whether this phenomenon represented an artifact caused by preparation techniques such as fixation, dehydration and drying.
The present study was attempted to elucidate this problem. In the case of the mouse kidney cells, on the other hand, the kidneys were collected from several newborn mice and trypsinized with 0.25% trypsin in calcium and magnesium free phosphate buffered saline using a magnetic stirrer. After washing in Rinaldini's solution, the cells were suspended in the growth medium and dispersed in TD-flasks containing coverslips to form monolayers.
Differential interference microscopy
The coverslips on which cells adhered were observed with a differential interference microscope of Francon-Yamamoto type (Nikon; YAMAMOTO, 1965) by means of hanging-drop method without fixation.
The examined fields were recorded as photomicrographs with a Nikon AFM apparatus for further examination with a scanning electron microscope. After the photomicrographs were taken, the cells with coverslips were fixed for 1hr either with 2.5% glutaraldehyde or 1% osmium tetroxide buffered with 0.1M cacodylate buffer at pH 7.3 or with both of glutaraldehyde and osmium. The coverslips on which cells adhered were dehydrated in a graded series of acetone and air-dried.
Scanning electron microscopy
The dried cells were coated with gold in a vacuum evaporator, and were examined in a scanning electron microscope, JEOL, JSM-S1. Observation was made of the same fields where interference photographs were previously taken, in order that the scanning electron micrographs could be compared with the corresponding interference photomicrographs.
Transmission electron microscopy Some coverslips on which cells adhered were fixed doubly with 2.5% glutaraldehyde and 1% osmium tetroxide, embedded in Epon 812. The embedded cells on the coverslips were stripped from the glass surface by cooling them with dry ice. The stripped cells were embedded again in the vertical position for the vertical cutting face according to BRINKLEY, MURPHY and RICHARDSON (1967) . Thin sections were cut on a LKB-ultrotom and doubly stained with uranyl acetate and lead citrate and examined with a transmission electron microscope, Hitachi HU-11A.
Observations
General observation by scanning electron microscopy General observation of HeLa cells in subculture revealed that most of the nuclei appeared concave, i.e., thinner than the surrounding cytoplasm ( Fig. 1) . On the The nuclei appear concave in the surrounding cytoplasm. while the nucleoli. prominently raised. other hand, most of the nuclei of mouse kidney cells in the primary culture appeared convex, i.e., thicker than the surrounding cytoplasm (Fig. 2) . Similar results were obtained from the cells in the secondary culture subcultivated by means of trypsinization (Fig. 3) . For the purpose of comparing the effect of fixation, four kinds of fixation procedures were employed in fixing the primary mouse kidney cells, i.e. 1% osmium tetroxide fixation alone (Fig. 4) , 2.5% glutaraldehyde fixation alone, 2.5% glutaraldehyde prefixation and 1% osmium tetroxide postfixation, 1% osmium tetroxide prefixation and 2.5% glutaraldehyde postfixation, each for 1hr. However, these Observation of the same field by both scanning electron microscopy and differential interference microscopy Figures 5-8 show the HeLa cells. The fixative used in Figures 5 and 6 was 1% osmium tetroxide and in Figures 7 and 8, 2 .5% glutaraldehyde. Figure 5 shows a field of living cells observed with the differential interference microscope, while Figure 6 shows the same field with the scanning electron microscope after fixation with osmium tetroxide. Likewise, Figure 7 shows another differential interference micrograph and Figure 8 the same field observed with the scanning electron microscope after fixation with glutarldehyde.
These observations revealed that most of the nuclei of HeLa cells appeared concave regardless of whether they were observed by differential interference microscopy or scanning electron microscopy and whether they were fixed with osmium tetroxide or glutaraldehyde.
Figures 9 and 11 show two fields observed by differential interference microscopy, while Figures 10 and 12 , the corresponding fields observed by scanning electron microscopy after fixation with glutaraldehyde.
These observations indicate that most of the nuclei of the mouse kidney cells appeared concave in the differential interference microscope similarly to the HeLa cells. On the contrary, some of the nuclei appeared concave (Fig. 10 ) while some others convex (Fig. 12 ) when they were observed with scanning electron microscope.
On the other hand, some of the HeLa cells appeared raised spherically when observed with the scanning electron microscope as shown in Figure 14 . This figure might correspond to the premitotic stage observed with the differential interference microscope in Figure 13 .
Observation on vertical sections by transmission electron microscopy
Profiles of the cultivated HeLa cells were examined with the transmission electron microscope. Both types of nuclei were observed.
Some nuclei appeared raised (Fig. 15) , while some others appeared sunk in the surrounding cytoplasm (Fig. 16 ). This observation accords well with the scanning electron microscopic observations.
Discussion
The combined differential interference and scanning electron microscope observations in the present study clearly demonstrate that the nuclei appearing either thicker or thinner than the surrounding cytoplasm are not artifacts caused by preparation techniques such as fixation or dehydration. Further, the transmission electron microscopic observation of vertically sectioned cells indicated that both the raised and sunk nuclei were the real occurrence. There have been many scanning electron microscopic studies on the surface structure of cultivated cells. WITKOWSKI and BRIGHTON (1971) studied the spreading pattern of human diploid cells on the glass surface after trypsinization. The cells were rounded-up and their nuclear structure disappeared immediately after trypsinization.
However, as the spreading of rounded-up cells proceeded, the nuclei and the nucleoli became visible. On the other hand, they observed that microextension developed very early after their attachment to the glass surface which appeared to guide the spreading cytoplasm. DALEN and TODD (1971) reported similar results. They found the alteration of long and short microextension after trypsinization. ALBRECHT et al. (1972) made a detailed examination of mouse macrophages using the freeze-drying method in place of the conventional procedure of air-drying or chemical fixation. The freeze-drying method improved surface visualization and reduced artifacts resulting from the shrinkage and collapse in air drying employed in the previous works. The present authors have studied freeze-drying technique for years. The results of its apllication to scanning electron microscopy of cultivated cells will be reported elsewhere. FISKIN and MELNYKOVYCH (1971) studied HeLa cells grown in the presence of predonisolone. The extrusion of pseudopodia-like processes which followed the establishment of a network of fibers during cell attachment was stimulated by the hormone treatment.
They conclude that this resulted in a pronounced flattening of the preconfluent cells. WITKOWSKI and BRIGHTON (1972) found that in the serum-free medium human diploid cells spread more rapidly on glass surface than when serum was supplemented, and they concluded that the morphology of the cells in their spreading was affected by the presence or absence of the serum. BOYDE et al. (1968) found that the nuclei were thicker than the surrounding cytoplasm and nucleoli in turn were more raised. They suggested that this might possibly be due to the difference in the dry mass of nucleus, nucleolus and cell body. From the results shown in the previous literature, it is kown that cells raised spherically after trypsinization or under some nutritious or hormonal conditions. However, there has been no report referring to the explanation of why the nuclei appeared raised in some cells, while sunk in others.
It is now worthwhile to consider the relationship between the results of differential interference microscopy and those of scanning electron microscopy.
Figures of both methods agreed well with each other in HeLa cells, while they differed in mouse kidney cells. The reason for this discrepancy may be due to the difference in the principles of these two methods. Scanning electron microscopy reveals the surface morphology as it is on the cells, while differential interference microscopy with the Francon-Yamamoto type apparatus (YAMAMOTO, 1965 ) reveals the contrast due to the dry mass of the object. The nuclei appearing sunk in the surrounding cytoplasm signify that they contained less dry mass or rather more water than the cytoplasm. The fact that all of the nuclei regardless of whether they appeared sunk or raised by scanning electron microscopy appeared concave by differential interference microscopy signifies that all nuclei contained less dry mass than the surrouding cytoplasm.
From the results obtained in the present experiment on the effect of fixative agents on the uneven nuclei by scanning electron microscopy, it can be considered that there was no artificial effect of fixative agents on these nuclei.
It can be concluded that the phenomenon in which the nuclei appeared thicker or thinner than the surrounding cytoplasm was not an artifact. We have two hypotheses concerning this phenomenon.
Firstly, it might be a part of the cell cycle as is shown in Figures 13 and 14 . Secondarily, the nuclei which raised prominently in the surrounding cytoplasm have a tendency to increase in primary cultures, whereas the concave nuclei tendency to increase in established cell lines. From this viewpoint, it is possible to point out that this phenomenon seems closely related to the establishment of the cell line.
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